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TITLE OF PROJECT: A study of the effect of certain arginine analogs
and other metabolite analogs on the multiplication of typical
animal viruses.,

OBJECTIVES: The objectives of this project may be stated as follows:

l. To complete the study of the inhibitory properties of isopropyl
biguanide, benzoyl guanylurea, and canavanine for the lee influ-
enza virus. This implies the use of experimental infections in
the intact chick embryo, in mice, and in tissue cultures. Other
viruses, including influenza A, mumps, and equine encephalomyeli=-
tis, will also be included in the study.

2. To investigate a new and interesting lead which has recently
turned up in our work from the observation that cyanuric acid
also has the ability to inhitdt the lee influenza virus in the
chick embryo. This observation seems to merit thorough study.

3. To continue the synthetic program aimed at the synthesis of
canavanine and various derivatives and analogs of the latter.
Encouraging progress along this line has recently been made.,
Compounds resulting from this program are to be compared with
canavanine from the standpoint of antiviral properties.

. To continue to examine by preliminary tests for antiviral activ-
ity selected compounds which may become available and whose struc-
ture suggests the possibility of biological antagonism.



PROGRESS :
A

Examination of Compounds for Influcnce on Virus Multiplications

1. Materials and Methods:

2,

The only new msthod employed during the period of this report
has veen a method for cultivation of Lee influenza virus in tis~
sue culture. The technique used has bsen essentially that des-
cribed by Tamm, Folkers and Horsfall (€). Choriozllantoic mem-
branes from 10=12 day chick embrycs were washed with nutrient fluid
and cut into two portions, each having = wet weight bctween 130 and
170 mgm. Each portion was suspended in 2 ml, of ritrient fluid in
a 25 x 150 mm., Pyrex tube fitted with a rubber stopper. After in-
oculation with virus, culture tubes were incubated at 35°C. on a
reciprocating shaker having a rate of 30 strokes per minutes and a
stroke length of 8 cm.

The nutrient fluid wes prepared as follows: modified glucosol
was made up by the Fulton and Armitage formula (7). Tt contained
NaCl, 8 gm.; CaClp, 0.2 gm.3 MgCla.6H20, 0.5 gm.; glucose, 1.0 gm.;
glass distilled Hp0 to 1000 ml. M/15 phosphate buffer of pH 7.28
was made by dissolving NaoHFO), 7.105 gn., KHoPQ), 2.269 gm., and
phenol red, 4O mgm., in glass distilled water and making up to 1000
ml, The glucosol and buffer were autoclaved separately and mixed
in equal volumes as required. This mixture constituted the mutrient
fluid. Penicillin and streptomycin were added to give a concentra-
tion of 10 units and L0 micrograms per ml. respectively.

Compounds to be tested in tissue cultures were first dissolved
in freshly mixed mutrient fluid. If pH adjustment was required, it
was accomplished by the addition of N/10 HCl or NaOH. The solution
was then sterilized by filtration through a fritted glass filter.

The virus employed for inoculation of tissue cultures was either
freshly harvested allantoic fluid pooled from embryos giving the
highest hemagglutinin titers, or else similar material which had
been stored at =20°C. for no longer than a week.

Hemagglutinin titration of virus in tissus cultures was carriled
out in the sams manner as for allantoic fluids. This was described

in the report for May 1 to July 1, 1952,
Resulta:

Evaluation of Compounds for Influence on the Development of lee
Influensa Virus in the Chick Embryo.

(1) Results of preliminary tests of compounds for inhibitory
activity.

In the previous report covering the period July 1 to December 31,
1952, most of the work described the inhibitory effect of canavanine
on the growth of the lLee influenga virus in the chick embryo and ex-~
periments designed to investigate the nature of this inhibition. One
of the primary problems involved in this study was the source of supply

6. Tamm, I., Folkers, K., and Hopefall, F. L. Yale J.
Blol, & ed. 21559 (1952), ’
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of canavanine itself as this amino aclid must be extracted from Jack
bsan meal by & laborious process. In view of the fact that the
rate of progress of this work was limited by the supply it was de~
cided to devote this period to a study of other compounds of poten=
tial interest while a stock plle of canavanine was being built up.

An interesting group of compounds bsaring a structural rela=-
tionship to arginine became available tc us during this period,
Samples were originally obtained through the kindness of Dr. I, Fo
‘ Halverstadt of the Chemical Research Department of Cuiter labera-

; tories. These compounds included guanylurez derivatives and bi-
guanides. They were synthesized originally by the rroduct Devale
opment Department of Merck and Company, and further cuantities have ;
been obtained from the latter group. Additional compounds were ;
also obtained through the courtesy of Dr. B. E. Christensen, Pro-
fessor of Organic Chemistry, Oregon State Collegeo

The results of the preliminary tests on this group of compounds,

and a few others examined at abou!t the same time, are precented in
Table A. These tests were only intended to indicate whether a com-
pound might have an influence on the development of the virus znd
whether 1t was worthy of further investigation. It will be noted
that two of the compounds in this table appear to have had a rather
striking inhibitory effect on the growth of the virus as judged by
the hcmagglutinin titer of the pooled allantoic fluids from the
treated eggs., These are isopropyl biguanide hydrochloride and ben~
zoyl guanylurea. As Judged by the results of this test with a very

; small number of eggs, both of these compounds prsvented the develop-

? ment of sufficient virus to be detectable in the pooled fluids by

' hemagglutination. These compounds obviously were worthy of further
investigation,

The structure of these two compounds may be indicated as follows:
NH O
CH g“
cn§> CHoNH.C.MH.CoNtp o2 O conm. 8. 8.nm,

isopropyl biguarnide benzoyl guanylurea
hydrochloride

Although they differ somewhat, it is obvious that they have in "
comnon the guanidino grouping which is of course found in arginine.

It will be noted also that three other compounds, i.e. cyclo-
hexyl guanylurea, guanylurea phosphate and disodium versene also
reduced the virus titers of the pooled allantoic fluids below the
level of the controls. Statistically, significance cannot be at-
tached to any of these differences, but the data sugzest some
slight activity by these compounds. The only other compound which

; produced a result which might be considered different from the
| control is naphthoxyacetic acid. The hemagglutinin level here .
was three times that of the control eggs, suggesting stimulation ¢
i of virus development. However, we have attempted to confirm this ‘
result and have been unsuccessful. Apparently soms conditions pre-
; Lailedinthia particular test which we have not been able to dup~-
) ca“.

7. Pulton, F. and Armitage, P. J. Hyg. L9127 (1951).
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From the foregoing results it wag concluded that an investi-
gation of the effocts of isopropyl bizuanide hydrocliloride and
benzoyl guanylurea on development of the virus was jJjustified.

During the period of this report other compounds havs been
examined by this preliminary test for possible inhibition of the
lee influenza virus. Some of these compounds are analogs of ar-
ginine, which were synthesized for this purpose, such as argininic
acld, and nitroarginine. Others are structurally related to cane
avanine, which we have found inhibitory to the les virus. Des-
aminocanavanine, carboxymethoxy guanidine, and ethoxy guanidine
fall in this category. The latter two were syntheslized, while
desaminocanavanine was prepared from canavaninas, Ths results ob~-
tained with thess compounds are shown in Table B, Scme of the
other compounds in this table were selected becauss they have some
structural similarity to guanylurea or biguanides, such as biuret
and nitrourea. In addition, some heterocyclic nitrogen compounds
were included, such as cyanuric acid and citrazinic acid.

It will be noted in Table B that cyanuric acid appeared to
inhibit the virus, and that L~(B, Y“-dihydroxy~propylaminc)-7=
chloroquinazoline also appeared inhibitory to a lesser degree,
Confirmatory experimsnts with both of these compounds have been
campleted, and cyanuric acid again showed pronounced inhibition,
with less than 10 hemagglutinin units per ml. in the pooled
fluids from treated eggs, compared to 320 units per ml. in con-
trol fluids. The chleroquinazoline derivative did not give the
same result when tested the second time, and the reason for the
discrepancy has not been investigated.

It does seam eviden®, howevsr, that cyanuric acid is quite
effectively inhibitory for this virus and that this effect de-
serves further investigation.

Several pyrimidine compounds were tested, and these together
with a few miscellaneous compounds appear in Table C. The data
suggest that uracil-l-acetic acid, and cyclohexane dione have
inhibitory properties. More extensive tests with these compounde
have verified this observation, although it has not been possible
as yet to inveatigate either of them further. Because of the re-
lationship of pyrimidines to nucleic acid metabolism it would ap-
pear that uracilel-acetic acid at lsast should be explored further.

(2) Purther investigation of the inhibition of the lLee influ-
enza virus by isopropyl biguanide* and bensoyl guanylurea,

The nature of the inhibition of the Lee virus by the above two
compounds has been investigated fairly extensively. Most of the
work, however, has been carried out with isopropyl biguanide be-
cause of the rather limited supply of benzoyl guanylurea, which

Wiherever the term isopropyl biguanide is used in this report it
is understood that the compound is in the form of the hydrochloride.
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could not be obtained in additional quantity.

To begin with, the meager data from the preliminary test was
suprlemented by further studies in which the fluids from individ-
uval eggs were titrated for virus hemagglutinin. The results of a
typical experiment employing isopropyl biguanide are presented in
Table 1. In this experiment as in all others in this report wa-
less indicated otherwise, injections of both virus and compound
were made into the allantoic sac. It is evident from thess ra-~
sults that the lee influenza virus in the chick embryo is markedly
inhibited by 10.0 mg. of isopropyl biguanide for at least Ll hours
after inoculation, as judged by the hemagglutinirn titoers,

The results of a similar experiment in which the dose of iso-

: propyl biguanide was injected in the yolk sac of the chick embryo

; while the virus was injected into the allantoic sac are given in

~ Table 2. From these data it seems apparent that it is not neces- z
sary to have direct contact between the compound and the virus in ;
the allantoic sac in order to demonstrate inhibition of the virus. .
These results suggest that the compound may be 2bsorbed into the
circulation of the embryo and in some manner interioere wwith the
growth of the virus in infected cells.

The results of more detailed observation of the sffect of
benzoyl guanylurea on the Lee influenza virus are showmn in Table
3. From inspection of this table it also seems quite obvious
that this compound too has a very marked inhibitory effect upon
1 the dsvelopment of the virus as judged by the hemagglutinin titer.
In comparing results obtained with the two compounds it should be
noted that a dose of 10.0 mg. of isopropyl biguanide dissolved in
a volume of 0.2 ml. of distilled water was regularly employed.
This had been found to be about the waxirmm tolerated dose. How~
ever, benzoyl guanylurea has a much lower solubility and in the
case of this compound it was necessary to employ a suspension
made up to a concentration of 50 mg. per ml. in a suspending med-
ium of one percent low viscosity carboxy-msthyl cellulose. The
maximum tolerated dose of the compound had been found to be about
25.0 mg. Thus it is hard to compare the activity of the two com-
p:unnds weight for weight because of the large difference in solu=-
b ty. +

Experiments were next carried out to determine the minimm
effective dose of isopropyl biguanide which could cause inhibition
of the virus. Results of these experiments appear in Table 4. It
will be noted that the inhibitory effect drops off rather rapidly
with decreasing dosage. 10.0 mg. per egg inhibited hemsgglutinin
development completely. The inhibition produced bty a dose of 5.0
Bge per egg was still marksd and in the case of 2.5 mg. per egg
was still significant. A slight effect may have resulted froam the ;
use of 1.0 mg. per egg, but the difference between the result ob~ f
tained at this dose level and the control group is not significant. |

Similar experiments were carried out with bensoyl guanylurea
and these are given in Table 5. The effect of the decreased dosage
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is even more apparent in the case of this compound. 25.0 mg. per
egg caused almost complete suppression of hemagglutinin whereas
12,5 mg. per egg did not cause any signilicant reductiun in the
hemagglutinin titer.

An effort was next made to determine over how long a period the
inhibltory effect of iscopropyl biguanide could be detected. All of
the previous observations had been made after a period of approxi-
mately forty-four hours of incubation at 35°C. Accordingly, obser—
vations were mads on both treated and control eggs on both the
third and fourth day of incubation. These results appear in Table
6. It will be noted that after sixty-eight hours of incubation
treated eggs still showed a level of virus homagglutinin which was
only about twenty per cent of that found in the untreated controls.
After ninety-two hours of incubation the titer of the pooled fluids
from the treated embryos was about half as great as the comparable
control group. Although this difference has not been tested for
statistical significance it seems doubtful that with the relatively
small mumber of eggs involved, such a difference could be demon~
strated. However, it is quite possible that further expansiorn of
the number of observations would reveal such a differsnce. In any
event it seems apparent that the inhibitory effect of a single dose
of 10 mg., of isopropyl biguanide, which is very marked after forty-
four hours of incubation, is still marked after sixty-elght hours
and is at best very slight after ninety=-two hours of incubation.

-



TABLE 1

Inhibitory Effect of Isopropyl Biguanide on Ise Influenza Virus in the Chick Embryo
as Meoasured by the Hemagglutination Reaction

Egg No. Hemagglutinin Titers of Fluids from Eggs Hemagglutinin Titers of
Receiving 50 ID5o of Virus Only Fluids from Eggs Recelving
10 mg. Isopropyl Biguanide
an Hour Befors 50 IDgg of

Virus
1 320" 20%
2 320 Of
3 320 0
L 240 0
5 24,0 0
6 240 )
7 160 0
8 80 0
9 140 0
10 0 0
Pool of
Fluids from
e 160 0

# Reciprocals of highest fluid dilutions giving complete hemagglutination.
# Fluid dilutions below 1:20 were not tested, and fluids giving a negative
reaction at this dilution are arbitrarily assigned a value of O.
Eggs were incubated at 35°C. approximately Ll hours before virus titra-
tions were made.
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Inhibitory Effect of Isopropyl Biguanide Injected in the Yolk Sac on Lee Influenza

TABLE 2

Virus Injected in the Allantoic Sac of Chick Embryos

Egg No. Hemagglutinin Titers of Fluids from Eg:s Hemagglutinin Titers of

Receiving 50 ID5p of Virus only in Fluids from Eggs Receiving

Allantoic Sac 10 mg. Isopropyl Biguanide
in the Yolk Sac an Hour
Before 50 ID¢g of Virus
in Allantoic ™ Sac,

1 6L0* of

2 640 0

3 L8o 0

b 320 0

5 320 0

6 320 0

7 320 0

8 320 -

9 160 -
10 120 -

Pool of Fluids
from all Eggs
in Groups L8o 0

# Reciprocals of highest fluid dilutions giving complete hemagglutinations.
# Fluid dilutions below 1:20 were not tested, and fluids giving a negative

reaction at this dilution are arbitrarily assigned a valus of Q.
Eggs were incubated at 359C. approximately Ll hours before virus titra=
tions were made.




TABLE 3

Inhibitory affect of Benzoyl Guanylurea on Lee Influenza Virus in the Chick
Embryo as Measured by the Hemagglutination Reactlon

-y

Egg No. Hemagglutinin Titers of Fluids from
Eggs receiving 50 IDgg of Virus Only

1 640
2 240
3 2,0
L 240
5 2L0
6 160
7 160
8 120
9 120
10 8o
Pool of Fluids
from all Eggs in

Oroup 320

Hemagglutinin Titers of Fluids
from Fggs Receiving 25 mg.
Benzoyl Guanylurea an Hour
Before 50 IDgg of Virus

yo¥
20
Of

o

o O O O

# Reciprocals of highest fluld dilutions giving complete hemagglutination.
# Fluid dilutions below 1:20 were not tested, and fluids giving a negative
reaction at this dilution are arbitrarily assigned a value of O,
Eggs were incubated at 359C. approximately Ll hours before virus titra=

tions were made.
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TABLE 4

Effect of Dosage of Isopropyl Biguanide on tho Inhibition of Iee Influ-nza Virus
in the Chick mbryo

Dose of Fraction of Eggs Number of Eggs Showing Hemagglutinin Titers
Isopropyl Showing Virus i Titers of of Pooled Fluids
Biguanide Hemagglutinin (0)Y (20-80) (130-320) (L80 &  from 31l Eggs in
per Egg above) Group

10,0 mgo 1/10 9 1 0 of 0

5.0 mg. 4/10 6 3 1 0 30

2.5 ng. 3/7 L 1 1 1 120

1.0 ng» 9/10 1l 3 5 1 240

0.5 mg., 10/10 0 2 6 2 320

none 9/10 1 2 S 2 320

All eggs received 50 IDgp of virus approximately an hour after the injection
of the compound. They were then incubated at 35°C. approximately Ll hours
before virus titrations were made.

# Reciprocals of highest fluid dilutions giving complete hemagglutination.
# Fluid dilutions below 1:20 were not tested, and fluids giving a negative
reaction at this dilution are arbitrarily assigned a value of O,

i g sy A S
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TABLE S

Effect of Dosage of Benzoyl Guanylurea on the Inhibition of Lee Influenza Virus
in the Chick Lmbryo

Dose of Fraction of Eggs Mumber of Eggs Showing lfemagglutinin Titers
Benzoyl showing Virus Titers of of Pocled Fluids
Guanyluroa Hema;glutinin {0) 120=80) {La0~320) (460 & from all Eggs in
per Egg above) Oroup® ;
25,0 mg. 2/8 6 ) of .0
12,5 ng. 10/10 0 9 1 120 3
6.3 mg. 9/10 1 6 1 80 :
nons 10/10 0 8 1 160

All eggs received 50 IDgg of virus approximately an hour after the injection
of the compound. They #ere then incubated at 35°C, approximately Ll hours
before virus titrations were made.

# Reciprocals of highest fluid dilutions giving complete hemagglutination.
# Fluid dilutions below 1:20 were not treated, and fluids giving a negative
reaction at this dilution are arbitrarily assigned a value of O.
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TABLE 6

Duration of Inhibiting Effect of Isopropyl Biguanide on lLee Influenza Virus in
the Chick Embryo

Fraction of Eggs Number of Eggs Showing Hemagglutinin Titers
Showing Virus Titers of of Pooled Fluids
Hemagglutinin {0) (20=80) (120=370) (480 & from %11 Eggs in

abore) Group

Eggs incubated

68 hours at 35°%.

after receiving

10 IDgg of lee

Virus 9/10 1 of 5 L 320

Fggs incubated

68 hours at 359C.

after receiving

10 mg. IG* and

10 IDgp of lee

Virus an hour later 9/9 0 8 1 0 60

Eggs incubated

92 hours at 35°C.

after receiving

10 IDgg of lee

Virus 10/10 0 0 5 5 480

Eggs incubated

92 hours at 359%.

after receiving

10 mg. IBG* and

10 IDgp of Lee

Virus an hour later 8/8 0 1 7 0 240

# Reciprocals of highest fluid dilutions giving complete hemagglutination.
# Fluid dilutions below 1:20 were not tested, and fluids giving a negative
reaction at this dilution are arbitrarily assigned a value of O.

+ IBG ~ isopropyl biguanide

R
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The influence of the dose of virus upon the inhibitory effect
of isopropyl biguanide has been investigated. In these experiments
all treated eggs received 10 mg. of the coapecund in the s«llantoic
sac about an hour before the virus was inocwlatscd bty the same route,
After Ll hours incubation the allantoic fluids from all eggs were
titrated individually for virus hemagglutinin. The results of
typical experiments bearing on this point are presented in Table 7,
It is obvious that the dose of virus has a definits influsnce upon
the final result, Vhen the inoculum was small complete suppression
of the virus hemegglutinin was observed. When the dose of virus
was increased, the inhibitory effeci of the compound diminished.
With 1000 IDgg of virus the effect was still significant, but with
10,CC0 IDgp only a slight, questionable difference was found be=
tween control and treated eggs. Attempts to use more than 10,000
IDgy were unsatisfactory because of irregularity of infection and
loWwer hemagglutinin titers, resulting nresumably from auto inter-
ference effacts,

A study has also been made of the influence of the time inter-
val between injection of ths virus and injections of isopropyl
biguanide on the inhibition of the virus in the chick embryo. The
cata bearing on this point are presented in Table 8. It will be
noted that there was no apparent difference in the end result if
the compound was injected an hour before the virus or two hours
after the virus. In both cases the development of virus hemag-
glutinin was almost completely suppressed. When the compound was
administered twenty-four hours after the virus, the inhibitory ef-
fect was still marked and the virus hemagglutinin in treated eggs
was only about ten per cent of that fcund in controls. When the
injection of the compound was delayed until thirty-six hours after ‘
infection with the virus a slight inhibitory effect was still
found. When this time interval, however, was increased to forty-
four hours no significant effect was demonstrable. It is interest-
ing to note that the inhibition is still so striking, even when
injection of the compound is delayed for twenty-four hours after :
infection. This observation suggests that the mechanism of inhi-
bition is not concerned primarily with interference with adsorption
of the virus to the susceptible cells, but is more likely related
to some step in the formation of the virus itself or of its release ;
from the cells,

A certain amount of similar data has been obtained with benzoyl
guanylurea. This is much more limited because of the limited quan-
tity of this compound which was available, These results appear in
Table 9. It will be noted that here also essentially identical re-
sults were obtained if the compound was given either an hour before
or two hours after the virus, In both cases the development of
virus hemagglutinin was markedly suppressed. When the compound was
given as late as twenty-four hours after the virus, however, only a
slight inhibitory effect was noted. Thus the results with this com-
pound are much less striking when treatment is delayed for twenty-
four hours than is the case with isopropyl biguanide, {

It is, of course, of interest to imow whether these compounds |
have any direct inactivating effect on the lee influensa virus in
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TABLIE &

Influence of Time Interval Betwsen Infection and Injection of Isepropyl Biguanide
on the Inhibition of Leo Influenza in the Chick Embryo

10 mg. Isopropyl Fraction of Eggs  Number of Egis Showing Hemagglutinin
Biguanide Injected Showing Virus Titers ol Titers of Pooled
Hemagglutinin C(20-80y [12C-320) (W80 & rluids from all

above) Fgzs in Group *

1 bour boafore

virus 3/10 7 3 C off 0

2 hours after

virus 1/10 9 1 0 o 0 '
2l hours after

virus 9/18 9 7 2 0 3040

36 hours after

virus 1/16 2 5 9 0 120*

4l hours after

virus 10/10 0o 2 L L 320

Controls ;
receiving virus i
only 20/20 o 1 9 10 320480 ;

All eggs received 50 IDgg of virus. 10 mg. Isopropyl biguanide was
administered at the indicated times. Eggs were incubated at 35°C. for
approximately 48 hours before virus titrations were made.

* Reciprocals of highest fluid dilutions giving complete hemagglutination.

# Fluid dilutions below 1120 were not tested, and fluids giving a negative
reaction at this dilution are arbitrarily assigned a value of O.

+ Data represents combined results of 2 experiments.

!
!
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TABLE 9

Influence of Time Interval Between Infection and Injection of Benzoyl Guanylurea
on the Inhibition of Les Influenza in the Chick Embryo

25 mg. Benzoyl Fraction of Fggs Number of Eggs Shuwing Hemagglutinin Titers
Guanylurea Injected Showing Virus Titers of of Pooled Fluids
Hemagglutinin U (20=80) (120~320) (480 & from all Eggs in

above) Group

1 hour before

virus L/10 6 L 0 O 20
2 hours after

virus 1/8 7 1 0 0 0
2L, hours after

virus 8/8 0 2 6 0 120
Controls

receiving virus

only 9/10 1 1 8 0 240

All eggs received 50 IDgp of virus. 25 mg. of benzoyl guanylurea was
administered at the indicated times. This was suspended in a 1%
aqueous solution of carboxymethylcellulose to give a concentration
of 25 mg, per ml. Control eggs received 1 ml. of the suspending agent
only an hour before the virus. Eggs were incubated at 359C. for
approximately 48 hours before virus titrations were made,

% Reciprocals of highest fluid dilutions giving complete hemagglutination.
# Fluid dilutions begg.ow 1:20 were not tes%ed,ngnd guida givi%g a

negative reaction at this dilution are arbitrarily assigned a value
of 0.
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vitro. Experiments bearing on this point are recorded in Table 10,
Isopropyl biguanide has been the only compound investigated and a
concentration of 2 mg. per wl, hag btsen employad, as this is esti-
mated to be the maximum concentration produced in the allantoic
fluid of the chick embryo when a dose of 10 mg. is administered,
Periods of contact between the viras and the compound of two hours
and twenty hours have been tested at temperatures of 109C, and
359c, It will be noted from the table that in no case was there
any effect upon the homagglutinin titer of the virus, In the case
of the virus infectivity, however, it is apparent that in the pre-~
senca of the compound after twenty hours at 35%., this property of
the virus deteriorated more rapidly than in a contrel preparation
containing only the virus. The pH of the two preparations was ap-
proximately tha same so that the differsnce noted could not be as~-
cribed to a pH effect. At 10°C., after a twsnty hour period of
exposure a preparation containing isopropyl biguanide was slightly
less active than the contrel but the difference can probably not
be considered significant. Similarly after a period of two hours
at 35°C. the preparation containing isopropyl biguenide showed a
slightly lower infectivity than ths control preparation.

These observations have been extendsd by additional experi-
ments, with closely similar results. No effect of the compound
on the hemagglutinating activity of the virus was noted within
2}, hours at 359., nor upon virus infectivity within 24 hours at
109C, or 2 hours at 359C, Howaver, within 2 hours at 350C. the
presence of the compound again accelerated the loss of virus infec-~
tivity. It is difficult to Judge the importance of this relatively
mild in vitro effect in relaticn to the in vivo inhibition of the
virus. It hardly seems adequate to account for all aspects of ths
latter, but cannot be ruled out as at least a contrivuting facter,

The effect of isopropyl biguanide upon the development of the
Leg influenza virus has been measured by means of infectivity ti-
trations as well as by hemagglutinin titrations. This method has
not been used routinely because it is less precise and more labor-
jous, but the inhibitory effect can be demonsirated by either
method, Infectivity titers of virus from eggs treated with iso-
propyl biguanide have usually been at lsast one log unit lower
than the titers found in untreated eggs.

Since the last report further experiments have been carried
out to determine the possible effact of isopropyl biguanide on the
adsorption of the virus by chlorio-allantoic membrane tissue in
vitro. In these experiments freshly harvested allantoic fluid
virus was mixed with fresh minced chorio-allantoic membrane tissue
in the proportion of 1 gram of tissue per ml. of fluid, both with
and without the addition of isopropyl biguanide at a concentration
of 2 mg. per ml. This was judged to bs the maximum concentration
reached in the fluids of chick embryos receiving 10 mg. of the com=
pound. It had no influence on the pH of the virus fluid at this
concentration., These mixtures, together with controls containing
virus only, and virus plus isopropyl biguanide, without tissue,
were incubated at 35°C. for 30 minutes, then centrifuged to remove
the tissue, and the supernatants titrated for virus hemagglutinin.

T . .
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The original virus content of the fluid was approximately 107+}
EIDgo per ml. In some experiments the virus fluid was diluted
2 fold, S fold, or 10 fold with normal allantoic fluid to give
lower virus concentrations for adsorption.

It was found that the proportion of virus adsorbad by the tis-
sue in the absence of the compound varied from 50% to 67% when un-
diluted virus was used. With virus diluted 1:2 or 115 about 75%
was adsorbed, and with virus diluted 1:10, more than 90%. In the
presence of the compound, the proportion of virus adsorbed did not
differ significantly from the above valuves, zithough in some cases
the data suggested that in the mixtures containing the compound
: there may have been slightly more unadsorbed virus. Hence it would
% appear that if thers ls any interference with adsorption, it must
be too slight to be readily detected by the methods employed,

(3) Effect of isopropyl biguanide on the growth of other
viruses in the chick embryo.

The influence of isopropyl biguanide on the devolopment of FR8
influenza virus, mumps virus and western equinu encephalomyelitis
virus in the chick embryo has been studied.

’ In the case of the PR8 virus, the experimental method employed
; was identical with that used for the Lee virus. A dose of 50 EIDgg
was administered in the allantoic sac about an hour after the in-
Jection of 10 mg. of the compound by the same route. After L& hours
incubation at 359C. the allantoic fluids were individually titrated
for virus hemagglutinin. The results of a typical experiment with
this virus are shown in Table 11. It will be noted that the degree
of inhibition noted with this virus was far less than in the case
of the Lee virus although it was still of sufficient magnitude to
be statistically significant. It is interesting to note that this
degree of specificity exists with respect to the inhibltory action
of isopropyl biguanide. It would appear to be a reflection of some
fundamental difference in these two types of influenza virus and
may be related to the difference in their biochemical composition
which has been reported by Knight ( 8 ).

The method employed in testing the effect of this compound
against mumps virus was essentially similar to that employed for
the influenza virus, The chief difference was in the time of ad-
ministration of the compound, which, in the case of the mumps virus,
was 24 hours after inoculation of the virus itself. It was found
that if the compound was given at the same time as the virus or if
the dose was divided in two parts which were administered at the
time of inoculation of virus and 48 hours later, no inhibitory effect
on the growth of the virus was noted. However, if a single dose of
10 mg. of the compound was given 2l hours after the virus, some
slight to moderate inhibition was evidenced. The results of an
experiment with mumpe virus appear in Table 12, In this case the
mean virus titer in control embryos was about 7 fold greater than
that found in treated embryos. In some experiments the degree of
inhibition noted was considerably less. There seems to be no doubt,

8. IKnight, C. A., Jo Exp. Med. 861125 (1947).
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TABLE 10

In Vitro Effect of Isopropyl Biguanide on Lee Influenza Virus

Exp., No.

Time and Temperature

of Incubation

None

2 hours at 10°C.

2 hours at 10°C.

2 hours at 35°%C.
2 hours at 359%C.

None

20 hours at 10°C,

20 hours at 10°C.

20 hours at 35°C.
20 hours at 35°C.

Virus only
before incubation

Virus only

Virus + IBG#;
2 mg. per ml.

Virus only

Virus + IBG;
2 mg. per ml.

Virus only
before incubation

Virus only

Virus + IBG;
2 mg, per ml.

Virus only

Virus + IBG;
2 mg. per ml.

Hemaggluiinin® No of EIDgg*

Titer

160

160

160
160

160

240
240

20
320

320

of Virus per ml.

107 ° 15

107 ° 60

107eh0
107o7h

107017

106061
107050

107 .00
103 c6h

10200

* Reciprocals of highsst dilutions of fluid giving complete

hemagglutination.
IBG = isopropyl biguanide.
EIDgp = quantity of virus needed to infect 50% of inoculated

+

chick embryos.
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TABLE 11

Effect of Isopropyl Biguanide on PR8 Influenza Virus in the
Chick Embryo as Measured by the Hemagglutination Reaction

Ygg Hemagglutinin Titers of Fluids

No.

from Eggs Receiving 50 IDgg cf

Hemagglutinin Titers of
Fluids from Eggs Receiv-

Virus Only ing 10 mg. Isopropyl
Biguanide an Hour Before
S0 Isp of Virus
1 L8o 320
2 320 120
3 240 80
L 240 80
5 240 80
6 160 60
7 160 60
8 160 60
9 120 4o
10 120 0
11 120
Pool of fluids
from all eggs
in group 320 120
Geometric mean 1944 66.5

Figures in table are reciprocals of highest dilutions of virus

fluids giving complete agglutination.

Fluid dilutions below 1:20 were not tested, and fluids giving a
completely negative reaction at this dilution are arbitrarily assigned

a valus of O,

When the above results were tested by the "t" test for comparison of
means, using the logs of the hemagglutinin titers, a "t" value of 3.8
was obtained. For 19 degrees of freedom this is equivalent to a P
value of <0.01, indicating the above differences would occur by chance

less than once in 100 trials.
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TABLE 12

Effect of Isopropyl Biguanide on Mumps Virus in the
Chick Embryo as Measured by the Hemagglutination Reaction

Egg Hemagglutinin Titers of Fluids Hemagglutinin Titers of
Noo from Eggs Receiving 50 IDsg of  Fluids from Eggs Receiv-
Virus Only ing 10 mg. Isopropyl
Biguanide 24 Hours After
50 IDgp of Mumps Virus
1 160 30
2 80 20
3 60 20
L 60 20
5 60 10
6 Lo 10
7 Lo 10
8 Lo )
9 30 0
10 0 0
Pool of fluids
from all eggs
in group 60 10
Geometric mean 47.0 6.9

Figures in table are reciprocals of highest dilutions of virus
flulds giving complete agglutination.

Fluid dilutions below 1:20 were not tested.
agglutination at this dilution were considered to be completely
active (L4+) at 1520 and were assigned a value of 10, Those com~
pletely negative at 1:20 were given a value of O,

Fluids giving 3+

TR .
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however, that a definite though relatively slight degree of in-
hibition of the mumps virus is produced by isopropyl biguanide.

In the case of western equine encephalomyelitis virus an en~
tirely different test method was essential. Groups of ten-day
chick embryos were inoculated with about 10 EIDgp of the virus
in the allantoic sac, Similar groups cf embryos which had received
10 mg. of isopropyl biguanide by the same route about an hour
previously were also inoculated with the virus. All embryos were
then candled at 8=hour intervals to determine the time of death,
If the compound had irterfered significantly with the develop=~
ment of the virus, death of the treatocd embryos should have been
delayed in comparison with the untreated controls. This was not
found to be the case, however, as the majority of the embryos in
both groups had succumbed within L8 hours and no differences could
be noted between the two groups. From this it would appsar that
isopropyl biguanide does not interfere with the development of
this neurotropic virus.

(4) Effect of canavanine and isopropyl biguanide on the Lee
influenza virus in tissue culture.

It was considered to be desirable to investipgate the effects
of camavanine and isopropyl biguanide on the development of lee
influenza virus in tissue culture. This was based on the assump-
tion that under these circumstances the inhibitory effect of
these two compounds, which has already been demonstrated in the !
intact chick embryo, might be magnified in tissue culture and
might be demonstrable with considerably lower concentrations .
than are required in the chick embryo. Under these circumstances
there might be a better opportunity for demonstrating a reversal
of the inhibitory effect by certain natural metabolites.

The tissue culture technique employed has been previously
descrived in the section on methods. The minimum concentration
of canavanine sulfate required to inhibit development of the virus
in tissus culture was determined. The results of experiments
bearing on this point are presented in Tables 13 and 1, It will
be noted there that the concentration of 0.2 mg. per ml. com- .
pletely suppressed development of virus hemagglutinin, .l mg. per ,
ml. produced marked inhibition, and .05 mg. per ml. resulted in
slight inhibition. These observations seam to indicate that the
effeactive concentration in tissue culture is considerably less
than that required in the allantoic fluids of the intact chick
embryo. It will be recalled that to produce the maximum degree
of inhibition in the latter case a dose of about 20 mg. per em~

0 is re}lu‘i‘ried, which is equivalent to a concentration in the
a ic d of the order of 2.0 mg. per ml. This is approx-
imately ten times the concentration found to be effective in ?
tissue culture. It now remins to determine whether inhibition i
of the virus by canavanine in tissue culture may be reversed by
the presence of certain known metabolites.
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Most of the tissue culture work carried on during the period
of this report has been confined to a study of isopropyl biguan-
ide, It was first necessary to determine the minimum efrlective
concentration of this compound required for inhibition of the virus
and also the influence of the dose of incculated virus euwployed in
the cultures upon the inhibition. A summary of some of the more
pertinent results obtained in this study is presented in Table 15.
It will bs noted that a concentration of the compound as low as
ol mZ. per ml. may produce marked inhibition of virus development
in the cultures. This is much less than the concentration required
for a similar degree of inhibitien in the intact chick embiyo. In
the latter case a concentration of the ordsr cf 1.0 mg. pesr ml. of
allantoic fluid is needed. It will aiso be noted in Table 15 that
a given concentration of the compound becomes less effective as
the dose of inoculating virus is increased. This observation is
entirely analogous to what hzs heen fovnd in the case of infection
of the intact chick smbryo. On the basis of these results it was
decided that further tissue culturs sxpsriments designed to study
the effact of known metabclites on the inhibition of the virus
should be carried out with a concentration of .1 mg. isopropyl bi-
guanide per ml, and with a virus inoculum of .1 ml. of a 1:10 dilu~
tion of freshly harvested allantoic fluid virus, It would, of
course, have been more satisfactory to prepare a pool of virus to
be used as inoculun in these experiments and to preserve this pool
by storage at -60°C., but this methed could not be employed because
no refrigerator capable of maintaining this temperature is available.

It was felt to be necessary to determine whether isopropyl bi-
guanide in the concentrations to be employed might produce suffi-
cient permanent damage to the tissue fragments in the cultures so
that they would be incapable of suprorting a virus growth. For
this purpose experiments were set up in which the tissues were ex-~
posed to various concentrations of the compound in the usual nutrient
fluids for a period of 36<48 hours, At this time culture fluids were
removed and replaced with fresh fluid containing none of the com=-
pound. These cultures were then inoculated with virus, reincubated
and titrated for virus content after an additional 48-hour period.

It was found that with concentrations of isopropyl biguanide greater
than .2 mg. per ml. it was not possible to demonstrate virus devel-
opment when the cultures were inoculated after replacement of the
fluid. However, with either .l or .2 mg. of the compound per ml.
exposure of the tissues to the compound did not render them incapable
of supporting virus multiplication. This information also indicated
the desirability of employing a concentration of .1 mg. per ml. in
further studies,

A number of known metabolites have so far been tested for the
ability to prevent or interfere with inhibition of the virus by
isopropyl biguanide. These include arginine, lysine, adenine, p-
aminobensoic acid, folic acid, and desoxyribonucleic acid (sodium
salt). Although these experiments have been in most cases technic-
ally satisfactory, it has not been possible, thus far at least,
to show any clsar-cut evidence that any of these compounds is cap~-
able of interf with inhibition of the virus ty isopropyl bi-
guanide. The result of a typical experiment of this type is




*aeyeys SuT}ecoJdTo8X B U0 *DaGf 98 UOTFEQNOUT £anOY 1] Jo3Je SpEw 8JoM SUOTIBIZT]} SNITA °f]
‘{m {°0 Sem o8ed Yove
UT UNTNOOUT JO eUMTOA Y] -sofique HOFYo UT £3TATE09JUT JOJ POIBILITY nakﬁ .«nw °glap } ...8.3 :
8JOW OU JO0F °0o02= 1% PISY SNJATA PINTJ OTOUEIL® JO 0038 USZOJJ © WOJJ SBM WNTNOOUT GNJITA °f i
‘OT~¢ Jo enTBA 8dued o) poulpsse oJom UOTINTTP STYF 3® UOTIWUTY

25

-n188e TeTqaed g0 qu3TTs Jupard spinld

°0 JO enyea v psudysse ATTIBI}FqQI 6I¥ UOTIRTTP

STY3 78 UOKM I ATjedeu B JUTATE SPTNTJ pue ‘pejse} 40U oJom (21T MOT8q SUOTINTIP pWId °2
suoTyRUTqNTIBruoy 9jeTdwoo SUTATS SUCTINTTP PTMTS 180431y JO ereooxdyosy °T

ot 09 02 9
09 09 on S -
ofe 09t 09t 1 \ b
o149 02€ ogn € 4
0ogn 02€ on9 [ _
096 ogh ong T .
eesoq .o
poreo W Lo
~Tpul oqy Pos
ut £ i
onIpA |
4 3urareoey :
gsanymd
m o)
0 0 o 0 0 _ ot 0 0 ot 9
0 0 0T~2 0 0 . oz 0 0 of S |
) 0 ot-2 0 o] ot 0 0 on L o
0 ) 01-2 0 0T-2 of 0 0 08 €
0 0 ot 0 o1-2 of o ot=2 08 2
0 0 02 0 ot = 08 0 o2 og T
*Tu aad 7w ged  *Tw Ied stz ded *Tw Jod W ad T xed  °qw Jod °Yw Jed JoquEny
STITA STITA SNATA STITA ENJTA © ENJTA SOJITA SRITA SNITA  emyTnd ,
Jo 05a17 30 omamm 30 0Sara| 3o OSgrw Jo OSary Jo OSara | Jo OSars 7~ C5qr3 Jo OSArw '\
€120l ¢r-ge €192° 190 . ¢1.,2°0L 29,0t .01 10T 0 ;0T w
s m god 01 G*0 YITM ‘T X 1 2°0 YITM 1w I T -3 1°0 |

mnnoou] SnJTA PO3}EOTPUI ouy Y3TM epfuendid 1AdoadosT JO SUOTIBIFUSIUO, ; *‘,
SuTMoTIOd ©Y3 SUTUTBIUOD SeanjTn) ONssfl UT JUessdd uTUTINTIBewoq SnJtA -

panq ) enssil UL sndfA ezuen{Jul o6 JOo UOT3TQTYUL
ey} 03 wmrnooul SNITA Jo puw epjurnlig rAdoadosI Jo @3esog Jo diysuoyjerel

B T ——
o

ST TIgVL , ;




30

presented in Table 16, where p-aminobenzoic acid was examined for
any possible reversing effect. This compound was tested because
it has been reported to be capable of reversing the antimalarial
effect of chlorguanide, an antimalarial compound which is closely
related structurally to isopropyl biguanide. These results, how-
ever, give no indication that the antiviral effect of the latter
compound can be influenced by p-aminobenzoic acid. Experiments of
this type are being continued in the hope that it may be possible
to shed some further light on the izechanism of inhibition of the
Les virus by isopropyl biguanide.

(5) Tests with isopropyl biguanide in experimerial infe:tion
of mice with the Izt influenza virus.

Thus far two experiments have been performed to determine
whether isopropyl biguanide can influence the course of infection
with the Lee influenza virus in mice. In the first experiment
groups of mice were given intraperitoneal injectione of 6 mg. of
isopropyl biguanide in aqueous solution. On the first day of the
experiment all treated mice, together with an equal number of
controls, were inoculated intranasally with .05 ml. of allantoic
fluid virus. One group of mice received a 1073 dilutjion of the
allantoic fluid while the second group received a 107¢ dilution.
The experiment was continued for 10 days, during which time the
treated mice received daily injections of the compound. At the
end of this period all survivors were autopsied and examined for
extent of pulmonary lesions. No significant differences could
be noted between treated and control groups either with respect
to the number of survivors or the extent of pulmonary lesions.

In the second experiment an attemp! was made to provide a
more constant blood level of isopropyl biguanide by preparing the
compound as a suspension in sesame oil containing aluminun mono-
stearate. Treated animals were injected daily with .05 ml. of
this suspension containing 15 mg. intram‘;scularly. In this case
half the mice were inoculgted with a 107° dilution of the virus;
the other half with a 1077 dilution. At the end of 10 days the
groups were again compared on the basis of survivors and extent
of pulmonary lesions. Again, however, no significant differences
could be noted between treated and control groups.

It is planned to carry out one further experiment with this
compound in mice in which the virus inoculum used will be from a
strain of the Lee virus that has been thoroughly adapted to mice.
The purpose of this will be to minimize the doss of virus which
must be used in order to produce a fatal infection in the mice.
At the present time, however, there is no evidence that isopropyl
biguanide can influence the course of infection with the Lee in-
fluenza virus in mice.
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Preparation of Compounds for Antiviral Testing.

The work on an improved method for isolation of canavanine
has been continued. Using slight refinements in the procedure
some 35 g. have been prepared. Several more small scale at-
tempts to isolate canavanine by the use of ion exchange resins
have been made. Paper chromatography indicates that arginine
and histidine follow canavanine through the columns, Colori=
metric analysis indicates that canavanine is present in the
acid eluate but attempts at isolation have been unsuccessful.
It 1s thought that decomposition may oceur on the ion exchange
resin as hia been reported to occur on an adsorption column
(AI' chibald )o

To check this possibility pure canavanine was run through
the resins, According to the colorimetric method the IRC ~ 50
resin buffered at pH L.7 retained 92% of the canavanine; when
buffered at pH 7.0 it retained 27%; and the IRA~LOO resin re=-
tained 69%4. However, the flavianate prepared from these acid
eluates did not correspond to canavanine f{lavianate; this may
be cdue to the formation of 2 eutectic mixture with ammonium
flavianate or to flavianates of decomposition products of can-
avanine, This is being investigated further,

S-aminopyrimidinedione = 2,4; S-nitropyrimidinedione - 2,k;
5-&,0(-dichloroacetamidopyrimidinedione .= 2,4; 2-thio-l=
oxypyrimidine, 2-methylmercapto-L<-hydroxypyrimidine, cyanuric
acid and biuret have been prepared by procedurss described in
the literature. The colorimetric dstermination for canavanine
(Archiba.ldl) has been extended to alcoholic solutions. Cana-
line has been made enzymatically and desaminocanavanine prepared
by the method of Kitagawal,

Plans for the immediate futurs include the isolation of more
canavariine and the preparation of certain of its derivatives.

Attempted Synthesis of Compounds Related to Canavanine.

In 1929 Kitagm3 discovered a hitherto unknown basic amino
acid in Jack bean meal. It was named Canavanine and was shomn
to have the constitutional formula, NH NHp
NEp8=NHOCH,CHo CHCOOH.

It was the first derivative of hydroxy guanidine ever found in
nature. Upon hydrolysis of canavanine, urea and Canaline,

KHz0CHC HZE?OOH’ are obtsinsd as products. Kitagawa was able
2
to synthesise canaline from L~hydroxy-2-amino butanoic acid and

1, ANMMd’ Re Mej Jo Blol. Chen. 165, 169 (19'&6).
2. Kitagawa, M.; J. Biochem. (Japany, 25, 23 (1941).
3. nm’ ﬂ.; J. Biochea, (J&p‘n), E. 2050




subsoquently obtain canavanine by condensation of camaline with
methylisourea. However, Kitagawa made his starting material from
canaline itself and his synthesis cannot be considered as complete.

Borek and CZl.a.J:'keh in 1938 attempted the complete synthesis of
canaline but abandoned it after unexpected difficulties set in.
They did, however, synthesize three previously unkncwn derivatives
of hydroxy guanidine. These were methoxy guanidine, carboxymethoxy
guanidine, and 3-carboxypropoxy guanidine. Nothing more was re-~
ported with regard to the synthesis of derivatives of hydroxy guan-
idine until 1947 when Fuller and K:'mgS reported their preparation
of a number of alkoxy and alkylerisdioxy guanidine compounds.

The efforts very briefly summarized above constitute the only
work done on the synthetic problems of these compounds.

Two derivatives of hydroxy guanidine have recently been prepared
in the current synthetic program. The compcunds prepared were car-
boxymethoxy guanidine, NH » and ethoxy guanidine sul-

NHp=C~NHOCH,COOH
( M ) Ethoxy guanidine sulfate is a new
(NHz-8-NrocoHs ), H25%e
compound not previcusly reported in the literaturse. It was made by
the following sequence of reactions:

fate,

CoHgOC-NHOH + CoHgI  or  (CH3)2C = NONa + C2HsBr

KOH in
abs. alc,
Q
cgugoc-m{ocgng (CH3 )zc = NOC2Hg
KOH HC1
H0 H20

NHZOC 235

(CH3S~C ;: 2% H250),
2

( M )
(Rz~C~NHOC2Hg ), H2S0y

k. Borek and Clarke; J. Biol. Chem., 125, L79-L%%.
5. Puller and King; Jo Chem. Soce, 963-96% (19L7).
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Carboxymethoxy guanidine was mentioned previously as being synthe~
sized by Borek and Clarke.

At the present time the synthesis of 3-methyl-~butoxy guanidine,

N}lggﬂNHOCHgCHQQHC% » and 2-amino- 3-guanidoxy propanoic acid,
CH3
NH

NH20-NHOCH2(EHCOOH, is being attempted. Neither of these compounds
NH

has been reported in the literaturs before. It will be noted that

2-amino-3~guanidoxy propanoic acid is the next lower homologue of

camavanine. The tentative scheme of synthesis is as follows:

(CH3'2C = NONa + BrCHoCH(CE+);

(CH3)2C" = NOGH,CH(CE+);
H2 n*

(CH3)2C = NOCHpCHC
NH,CN \|
(CH3)2C = NOCHpCH-CN

\

(CH3)2C = NGJHQ(.ZHCOOH

NH2 '
NH \

NH& =HHOCHZCHCOOH
NH2

The preparation of 3-methylbutoxy guanidine is being done by
the same scheme of synthesis as was followed for ethoxyguanidine
sulfate. Work on both of these compounds is being pursued at the
present time and the first reaction step for each of them has been
worked out.

SUMMARY OF RESULTS SINCE BEGINNING OF PROJECT:

Ao

Prior to Present Report Period.

1. Two groups of compounds have been examined for any possible
influence on the development of the muaps virus in the chick em-
bryo. One of these groups may be considered to bs analogs of the
amino acid arginine. The other group is compoeed of purins and
pyrimidine compounds. Of the eight compounds examined altogether
none was found to have any influence upon the growth of the mumps
virus.
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2., The same two groups of compounds with the addition of two or
three others have been tested against the Lee influenza virus in
the chick embryo. Of the five compounds in the purine and pyrimi-
dine group, none was found to have any influence on the growth of
the virus. However, of seven compounds in the arginine analog
group, two were found to influence the developmesnt of the Lee in~
fluenza virus. Canavanine sulphate, an amino acid isolated from
Jack bean meal showed a definite inhibitory effect while DL~
citrulline exerted a slight stimulating effect.

3. Studies on the minimum dose of canavanine required to produce
inhibition of the Lee virus indicate that 20 milligrams per egg,
approximately the maximum tolerated dose, producez the most marked
degree of inhibition, but some inhibition can still be observed at
a level of S milligrams per egg.

Lo The dose level of virus may be varied between 10 and 1,000
IDgp without obscuring the inhibitory effect of canavanine,
Higher dosage levels of virus remaln to be tested.

5. The inhibitory effect of canavanine on the Lee influenza
virus is most marked when the compound is administered to the
embryo about an hour before the virus inoculum. However, slight
degrees of inhibition may still be noted when the compound is
given as late as 24 hours after the virus.

6. The mechanism of action of canavanine in producing inhibition
of the Lee virus is being studied. At this point it does not ap-
pear that the compound has any direct inactivating effect on the
virus.

7. The administration of DL-citrulline to chick embryos in a
dosage of 50 milligrams about an hour before inoculation of lee
influenza virus stimulates the development of the virus to the
extent that the mean titer of hemagglutinin in treated egys is
about double that found in controls.

8, l~canavanine sulfate has been isolated from jack bean meal
by the method of Horowitz and Fling ( 9 ). Yields averaged 7-8
grams per 900 grams of meal.

9. Several other compounds have been synthesised for testing,
including DL~citrulline, N~bengoyl arginine, and DI~2,i4-diamino-
butanoic acid,

During Present Report Period.

1, Of a number of additional compounds examined five have been
found to have a definite inhibitory effect on the development
of the lee influensa virus in the chick embryo. These are iso-
propyl biguanide hydrochloride, bensoyl guanylurea, cyanuric
acid, uracil-=li~acetic acid, and cyclohexane dione. The first
two compounds contain ths guanidino group and in this respect

9. Horowits, N. H. and Fling, Marguerite. Private cosmuni-
cation.
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bear some structural relationship to arginine. They have been
studied rather extensively during the period of this report.

2. The inhibitory effect shown by isopropyl biguanide is equally
marked when the compound is administered in the yolk sac or the
allantolc sac. As the virus is injected into the allantoic sac in
both cases this suggests that no direct contact between the virus
and the compound in the allantoic sac is necessary in order for
inhibition to be demonstrated.

3. In the case of isopropyl biguanide 10.0 mg. por egg, which is
about the maximum tolerated dose, produced the most marked inhi=-
bition of the virus. However, a significant inhibition is noted
with a dose as low as 2,5 mg. per egg. In the case of benzoyl
guanylurea 25.0 mg. per egg produced the maximum degree of inhi-
bition, whereas 12.5 mg. pav egg was ineffective. This compound
was employed in the form of a suspension bscause of its low water
solubility; hence it is not possible to make direct comparisons
between the two compounds for activity on a weight basis.

L. In the case of isopropyl biguanide the inhibitory effect of a
single dose of 10 mg. is still evident after the treated eggs have
been incubated for three days at 35°C. Even after four days of
incubation a slight effect is still apparent.

5. The inhibitory effect of isopropyl biguanide is definitely
influenced by the dose of virus administered. With doses of
about ten to one hundred ID5p the development of virus hemagglu-
tinin is very markedly suppressed. With a dose of ten thousand
IDg; slight inhibition is noted.

6. Isopropyl biguanide may be administered as long as twenty
four hours after the infecting virus and still produce a marked
suppression of virus hemagglutinin. Even after thirty-six hours
a noticeable inhibition is found., This observation seems to in=-
dicate that the inhibitory effect is not due to interference with
adsorption of the virus by the cells.

7. 1In the case of bensoyl guanylurea the inhibition of the virus
is equally marked if the compound is given an hour before the
virus or two hours after the virus., If injection of the compound
is delayed for twenty-four hours, however, the effect is slight.

8. 1Isopropyl biguanide at a concentration of 2 mg. per ml. has

no effect upon the hemagglutinating activity of the Lee influenza
virus after exposures as long as twenty-four hours at 35°C. It
does, however, under these conditions cause a more rapid loss of
infectivity than is noted in a control preparation containing only
the virus. This effect upon infectivity is not observed within
twenty=-four hours at 10°C. or in two hours at 35°C. It seems un-
likely that it can entirely account for the inhibitory activity of
the compound in the development of the virus.
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9. Isopropyl biguanide has been shown to inhibit the development
of lee influenza virus in the chick cmbryo using infectivity as a
measure of virus concentration, as well as the hemagglutinin mea-
suremsnt., FEggs treated with the compound have shown a virus titer
at least one log unit lower than untreated eggs.

10. Expsriments carried out in vitro have failed to show that iso~
propyl biguanide has any influence upon the adsorption of the lee
influenza virus by the chorlo-allantoic mexbrans.

11. The effect of isopropyl biguanide on the growth of three other
viruses in the chick embryo has besen determined. In the case of
PR8 influenza virus a 8slight but significant degree of inhibition
was produced by a dose of 10 mg. of the compound per embryo. This
is in contrast to the marked degree of inhibition produced in the
case of the Lee virus.

12. Slight to moderate inhibitlon of the mumps virus in the chick
embryo was noted when 10 mg. of isopropyl biguanide was administered
in the allantoic sac, but only when the compound was injected the
day following the virus inoculation. If administered an hour before
the virus, or if half the dose was given at that time and half 48
hours later, no inhibition of virus hemagglutinin was observed.

13. 1Isopropyl biguanide did not delay the death of chick embryos
infected with the virua of equine encephalomyelitis as compared
with untreated control embryos.

;. Tissue culture studies have shown that both canavanine and
isopropyl biguanide inhibit the growth of Lee influenza virus in !
concentrations only about one tenth as great as those required in

the intact chick embryo. Tissus culture comcentrations of 0.1 to

0.2 mg. per ml. are adequate for inhibition of the virus.

15, In tissue cultures, as in the intact chick embryo, an inverse
relationship was shown between the degree of inhibition produced
by isopropyl biguanide and the concentration of virus in the inocu-
lum., Increasing concentrations of virus resulted in decreasing
degrees of inhibition.

16, Attempts to interfere with the virus inhibition produced by
isopropyl biguanide in tissue culture by means of various known
metabolites involved in nucleic acid or protein metabolism have
thus far given negative results. Among the metabolites tried have
besen arginine, lysine, adenine, p-aminobensoic acid, folic acid,
and desoxyribomucleic acid.

17. The stimlating effect of DL~citrulline on the development .
of Lee influensa virus hemagglutinin in the chick embryo has not
been observed in tissus culture containing this amino acid.

18. A considersble amount of effort has been devoted to improving
the extraction and purification of canavanine from jack bean meal.
Ion exchange resins have been tried but a successful method has
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not been achieved., Altogether some 35 grams of canavanine have
been prepared by the original laborious process.

19, Additional compounds which have been prepared by synthesis
or isolation include desaminocanavanine, canaline, cyamuric acid,
S-aminopyrimidinedione = 2,U; Senitropyrimidinedione = 2,43 2-
thio=L= oxypyrimidine; 5-0,<j=dichlorocacetamidopyrimidinedione =
2,4; and 2-methylmercapto-L=hydroxypyrimidine.

20. Considerable progress has been made toward the synthesis of
compounds related to canavanine. Two compounds have been prepared
in each of which the guanidino group has been linked to a carbon
chain by means of an oxygen atom. This is the structure which is
found naturally in canavanine. The two compounds which have been
synthesized are carboxymethoxy guanidine and ethoxy guanidine sul-
fate. Having reached this point, the next step being attempted

is the preparation of a similar compound containing an@(-amino
group which will represent the next lower homologue of canavanine.

PLANS FOR FUTURE WORKs

A.

Immediate Future.

1. To complete the study of inhibition of lLee influenza virus by
isopropyl biguanide in tissue culture, with the particular purpose
of determining whether this inhibition can be reversed by any of
the normal metabolites thought to be involved in nucleoprotein
metabolism, such as adenine, uracil, nucleic acids, or amino acids.
(now in progress)

2. To complete the study of the inhibition of Lee influenza virus
by canavanine in the chick embryo. This work has been delayed by
the limited availability of the compound. Sufficient has now been
isclated from jack bean meal and purified to complete this work,
and all that is now required is the availability of personnel and
time .

3. To study the possible influence of canavanine on experimental
infection in mice with Ipe influensa virus.

k. To attempt to throw more light on the mechanism of the inhibi-
tion of the Lee virus hy canavanine by employing the tiassue culture
method and investigating the possibility of reversing the inhibi-~
tion by means of certain normal metabolites,

S. To examine the possible effect of canavanine on the growth of
other viruses.

long Range.

1. Preliminary tests have shown recently that cyanuric acid also
acts as an inhibitor of Lee influensa virus in the chick embryo.
This observation deserves as much study as we have devoted or plan
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